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DIAGNOSIS OF ORGANIC BRAIN DISORDERS BY THE 
VISUAL EVOKED POTENTIAL 
-AN APPLICATION OF MULTIPLE 
DISCRIMINANT ANALYSIS-
By 
MUTSUO S HIM A D A (is IBImME) 
(National In&titute of Vocational Re8earch, Tokyo) 
The multiple discriminant analysis (MDA) applied to 18 variables of the visual 
evoked potentials obtained from each of 88 subjects, who were divided into normals, 
cerebral palsied or brain disordered, and also left hemiplegia or right hemiplegia. 
The variables were amplitudes and latencies of the visual evoked potentials recorded 
from left and right occipital scalps. Values of % of correspondence (a ratio of 
coincidence between clinical diagnosis and diagnosis by the MDA) were as follows: 
normals vs. cerebral palsied, 77.2%: cerebral palsied vs. brain damaged, 81.4%: 
brain damaged vs. normals, 72.5%: normals vs. cerebral palsied vs. brain damaged, 
69.3%: normals vs. left hemiplegia, 92.7%: normals vs. right hemiplegia, 88.6%: 
right hemiplegia vs. left hemiplegia, 80.5%: normals vs. right hemiplegia vs. left 
hemiplegia, 69.4%. Those results seem to suggest a usefulness of the MDA for the 
diagnosis of organic brain disorders. 
INTRODUCTION 
There are many studies concerning the visual evoked potential (YEP) abnormalities 
in organic brain disorders (Regan, 1972; Aid & Garoutte, 1976). But, the usefulness of 
the YEP for the diagnosis of organic brain disorders is not always recognized. Reasons 
for that matter seem to be various. One of them is a method of variable selection 
used in the diagnosis. Namely, in the most studies, variables of the YEP (amplitudes 
or latencies) are used separately and the relationships between them are not 
considered so much. On the other hand, it is obvious that those variables have some 
relations between each other. So, if we take such relations into consideration, the 
diagnostic value of the YEP shall increase. For such purpose, an application of so-
called multi-variate analysis might be adequate. Recently, Donchin and his colleagues 
used multiple discriminant analysis (MDA) for classifying of the YEP patterns and 
suggested its usefulness (Donchin & Hering, 1975; Donchin, et aI., 1975; Squires & 
Donchin, 1976). The purpose of this study is to investigate the usefulness of MDA for 
the diagnosis of organic brain disorders based on the YEP patterns. 
METHOD 
Subjects: Subjects of this study were divided into three groups as shown in Table 1. 
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Table 1 Subjects 
Rt. Hem. I Lt. Hem. I Bilat. Total 
N Group - - - 18 
CP Group 12 13 23 48 
BD Group 5 11 6 22 
Total 17 24 29 88 
Normal control group (N Group) was composed of 18 subjects who were free from any 
organic brain disorders and had no history of neurological disease. Subjects of 
cerebral palsied group (CP Group) were 48 patients whose onset of organic brain 
disorder was within perinatal period or before it. Brain damaged group (BD Group) 
was composed of 22 organic brain disordered patients who were not included in CP 
Group: i.e., an onset of disorder was after perinatal period. The grouping of subjects 
of BD Group in the term of diagnostic categories was as follows: encephalopathy, 12; 
cerebral vascular disease, 2; degenerative disease, 2; cerebellar disease, 2; brain tumor, 
1; brain injured, 1; unclassified, 2. Subjects of CP and BD Group were divided into left 
hemiplegia group (LT Group), right hemiplegia group (RT Group) or bilateral paralysis 
group (BL Group) following their clinical symptoms. Range of their ages was 20 to 60 
years. 
Procedure: Each subject seated in semi-darkened, sound proof and shielded room. 
Mter ten minutes dark adaptation, the stimulation was bigun. A stimulus was a 
flash of an electronic stroboscope, located about 1 m before subject, who had been told 
to relax and to keep their eyes closed. Stimuli were given at irregular intervals of 
2-5 sec. 
The EEGs were recorded from Fz, Cz, Pz, 01 and 02 following 10-20 system. The 
reference was both-ear linked electrode. Silver disc electrodes were used and time-
constant was 0.3 sec. The electro-oculograms (EOGs) were recorded to monitor eye 
movement. Silver silver-chloride electrodes were fixed on the horizontal axes of both 
eyes and vertical axis of left eye. Two lateral electrodes recorded horizontal dis-
placements. One superior and one inferior electrode recorded vertical displacements. 
In this case, time-constant was 3.0 sec. Those phenomena and a trigger mark of 
stimulations were recorded on paper by means of pen-writing occilograph and stored 
on an analogue recorder for later processing. 
To obtain an averaged YEP, responses to 30 stimuli recorded from 01 and 02 were 
summated by the special purpose computer (SANEI-7S06). The analysis time was 
800 msec (i.e., 200 adress of 4 msec). On an averaging, EEGs contaminating EMG 
or EOG were excluded. The averaged VEPs were punched on tape and plotted on an 
X-Y plotter. A subsequent analysis was performed on a HITAC-I0II. 
It is well known that there are some individual differences in the YEP pattern. 
Fig. 1 illustrates the YEP pattern obtained in this study. We can identify five com-
ponents as labeled from I to V. In following analysis, latencies of each component 
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Fig. 1 Schematic representation of a YEP 
and peak to peak amplitudes between two continuous component (for example, peak to 
peak amplitude between component I and component II) were used as variable. As 
those value were obtained from two recording sites (i.e., 01 and 02), total 18 variables 
were used in analysis. 
As shown in Table 1, subjects in this study can be classified based on two criterions. 
One is a disorder group and another is a laterality of paralysis. Firstly, we tried to 
diagnose the disorder group in which each subject had to be included by the means of 
MDA. Next, the analysis concerning the diagnosis of the laterality of paralysis was 
done. 
Computations were done according to Dixon (1973). In two-group discrimination, 
the discriminant function weights and the constant were computed for each discriminant 
situation. The discriminant function in each situation produced a single weighted 
score per subject. The resulting distributions of summated weighted scores in each 
situation were inspected for the point of minimum overlap and an individual's weighted 
score, falling above or below this point, categorized him as belonging one of two groups. 
In three-group discrimination, the principal computation procedure was as same 
as that of two-group discrimination. In this case, three weighted scores corresponded 
with each group used in the analysis were computed per subject and he was classified 
into the group for which the weighted score was largest. 
RESULTS 
Diagnosis of disorder group: In this case, the analysis was conducted for fol-
lowing four situations: (1) N Group vs. CP Group (2) CP Group vs. BD Group (3) BD 
Group vs. N Group (4) N Group vs. CP Group vs. BD Group. 
Table 2 presents a result of discrimination of N Group from CP Group. Of 18 
normal subjects, 14 were correctly classified as N Group by MDA, but 4 were classified 
as CP Group. In CP Group, 37 were classified as CP Group and 11 were classified as N 
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Table 2 Classification :matrix: N Group 
vs. CP Group 
Cliuical classification 
N 
Classification N 14 
byVEP CP 4 
77.7 
% of correspondence 
77.2 
Table 3 Classification matrix: CP Group 
vs. BD Group 
CP 
11 
37 
77.1 
Clinical classification 
CP BD 
Classification CP 40 5 
by VEP BD 8 17 
83.3 77.2 
% of correspondence 
81.4 
Table 4 Classification matrix: BD Group 
VB. N Group 
Classification 
by VEP 
BD 
N 
% of correspondence 
Clinical classification 
BD 
17 
5 
N 
6 
12 
77.2 66.7 
72.5 
Group. % of correspondence (a ratio of coincidence between the clinical diagnosis and 
the diagnosis by MDA) were 77% for both in Nand OP Groups. 
Table 3 and Table 4 present the result of discrimination of OP Group from BD 
Group and that of BD Group from N Group respectively. In three discriminant 
situations, the highest % of correspondence was obtained in discrimination of OP 
Group from BD Group. The lowest was found in that of BD Group from N Group. 
Generally speaking, discrimination of OP Group from other groups was obtained 
relatively reasonable results. While in case of N Group, it was not so successful. It 
was noted that subjects of N Group were often classified as BD Group. Results of 
discrimination of BD Group showed values of intermediate of other groups. 
Table 5 presents a result of three-group discrimination. In this case, each 
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Table 5 Classification matrix 
Clinical classification 
N CP 
N 11 8 
Classification CP 1 35 
by YEP BD 6 5 
% of correspondence 61 72 
Table 6 Classification matrix: N Group 
vs. LT Group 
BD 
2 
5 
15 
68 
Clinical classification 
Classification 
by YEP 
N 
LT 
% of correspondence 
N 
17 
1 
94.4 
92.7 
Table 7 Classification matrix: N Group 
vs. RT Group 
LT 
2 
22 
91. 6 
Clinical cIassifica tion 
Classification 
byVEP 
N 
RT 
% of correspondence 
N 
16 
2 
88.8 
88.5 
RT 
2 
15 
88.2 
subject was classified into one of three groups based on their YEP patterns. In N 
Group, 11 were classified as N Group, 1 was classified as OP Group and 6 were classified 
as BD Group. % of correspondence was 61%. In OP Group, 35 were classified as OP 
Group, 8 were as N Group and 5 were as BD Group. % of correspondence was 72%. 
In BD Group, 15 were classified as BD Group, 5 were as OP Group and 2 were as N 
Group. % of correspondence was 62%. And % of correspondence in general was 
69%. The highest value was found in OP Group. Subjects of N Group were mostly 
vulnerable to mis-diagnose. Especially, they were often classified as BD Group. 
Diagnosis of laterality of paralysis: In this case, the object of discrimination was 
the laterality of paralysis. Since the laterality of paralysis is corresponded with that 
of brain disorder in most cases, it is not always incorrect to consider the following 
analysis as the diagnosis of the laterality of brain disorder. The analysis was conducted 
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Table 8 Classification matrix :RT Group 
vs. LT Group 
Clinical classification 
Classification 
by YEP 
RT 
LT 
% of correspondence 
RT 
14 
3 
LT 
5 
19 
82.3 79.1 
80.4 
Table 9 Classification JIl'ttrix 
Clinical classification 
N RT LT 
N 14 1 3 
Classification RT 2 12 6 
by YEP LT 2 4 15 
% of correspondence 77 71 62 
for following four situations: (1) N Group vs. LT Group (2) N group vs. RT Group 
(3) RT Group vs. LT Group (4) N Group vs. RT Group vs. LT Group. Results are 
shown in Tables 6, 7, 8 and 9. 
In two-group discrimination, the highest % of correspondence was found in 
discrimination of N Group from LT Group. Only 3 out of 42 subjects were mis-
classified. Next was found in that of N Group from RT Group. In discrimination of 
RT Group from LT Group, % of correspondence was the lowest. In general, % of 
correspondence in discriminations of laterality of paralysis were higher than those in 
discriminations of disorder group. In comparison with other groups, % of correspond-
ence of N Group was significantly high. And that of LT Group and RT Group 
was almost equal. 
In three-group discrimination (Table 9), % of correspondence in general was 69%. 
That value was as same as one in discrimination of disorder group. Among groups, 
N Group showed the highest % of correspondence. LT Group was the lowest and 
RT Group was immediate. 
DISCUSSION 
There are many studies that applied MDA to the diagnosis of organic brain disorders. 
As their variables, clinical neurological symptoms (Hirota, et aI., 1975; Miyahara, et aI., 
1975) or data of psychological tests (Wheeler, 1963; Wheeler & Reitan, 1963; Goldstein 
& Shelly, 1973) were used. In this study, we employed amplitudes and latencies of the 
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YEP as the variables and obtained values of % of correspondence 73% to 94% in two-
group discriminations. Those values are not lower in comparison with those of other 
studies. For example, Wheeler (1963) reported values of correspondence 83% to 87%. 
Miyahara et al. (1975) obtained value of 65% and 85%. Namely, above mentioned 
results seem to suggest the possibility of application of MDA for the diagnosis of 
organic brain disorders. Especially, it seems to be useful for the diagnosis of laterality 
of paralysis. In that case, almost 90% of subjects were classified correctly. 
Why % of correspondence was higher in discrimination of laterality of paralysis 
than that of disorder group is unclear. As already mentioned, in three-group discrimi-
nation, such difference was not found. Generally speaking, changes of the YEP pattern 
due to brain disorder might relate more to the locus of disorder than to the category of 
disorder. It could be said that the YEP pattern was more heterogeneous in CP 
Group or BD Group than in LT Group or RT Group. Therefore, % of correspondence 
might be higher in discrimination of laterality of paralysis. But this hypothesis can 
not explain the discrepancy of results between two-group discrimination and three-group 
discrimination. Further studies will be required to clear this problem. 
There are few studies concerning three-group discrimination. % of correspondence 
was 69% in this study. This value is much higher than chance level. Results of Chi-
square tests were highly significant (Table 5, X2=37.9, df 4, p<O.OOl; Table 9. X2= 
45.59, df 4, p<O.OOl). 
Concerning the diagnosis of brain disorders by the means of a single measure of the 
YEP, Asselman et al. (1975) found that 69% of patients with multiple sclerosis showed 
delay of latencies. Oosterhuis et al. (1969) reported that the YEP abnormalities were 
found 23 out 39 cerebrovascular disease patients. Namely, in the case that a single 
measure was used as a variable, ratios of the YEP abnormalities in brain disorders 
(ratios of correct diagnosis of brain disorders in a sense) are about two-third. 
Above mentioned facts indicate that the ratios of correct diagnosis of brain disorders 
applying MDA to some measures of the YEP are higher than those of MDA applying 
to other variables (neurological symptoms or psychological tests) or as same as them 
at least, and that those values are higher than ratios of correct diagnosis by the single 
measure of the YEP. Mter all, results of this study suggest that it is possible to 
diagnose organic brain disorders by MDA with a considerable accuracy. 
There are some problems to be solved in this study. First, % of correspondence 
in discrimination of BD Group from N Group is the lowest in three discriminations of 
disorder group. It is caused by mainly mis-classification of N Group into BD Group. 
The opposite cases, i.e., mis-classification of BD Group into N Group, are not so 
much. This means that some subjects of N Group possess signs of brain disorder seen 
from viewpoint of the YEP pattern. They might have been suffered from some brain 
disorder that had not been detected by the standard neurological examination. It must 
be cautious about the composition of "normal" group. 
As already mentioned, BD Group included many different categories of brain 
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disorders. Needless to say, it seems that there are some differences of the YEP 
pattern between those categories. If the diagnosis of brain disorders is purposed, it is 
impotant to take such differences into consideration. We could not conduct 
investigation on them because number of subjects in each category was small. A 
study must be conducted based on appropriate number of sUbjects. 
The composition of disorder groups in this study based on only neurological 
examinations and was not confirmed by autopsies. So, there is a possibility that 
some subjects were mis-classified already at the stage of clinical diagnosis. Further 
investigations using subjects whose disorder is confirmed by an autopsy or an operation 
finding will be necessary. 
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